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INTRODUCTION 


This paper, describing mining methods and costs at the Judge mine, 
Park City, Utah, is one of a series being prepared by the Bureau of 
Mines on mining practices in tha United States. 


ACKNOWLEDGES TS 


The writers acknowledge the assistance of E. De Gardner, supervising 
engineer, Southwost Exreriment Station, Sureau of Mines; Paul He Hunt, 
mine manager, Park Utah Consolidated Mines Coe; Wme Osika, chief mine 
accountant; and Eric Neilson, assistant mastor mechanic of tke mine. 


LOCATION 


Tho Judge mine in Fark City district is about 1-1/2 miles south 
of Park City. The district lies on tho oastorn slope of tha Wasatch 
Mountains, 30 miles southeast of Salt Lake City, and embraces a tract 
that lies between the crest cf the main rango on the west and the mountain 
meadows alongs tha eastern-slore foothills. The altitude at the Union 
Tacific Railroad station at Park City is 7,000 fest above sea levele The 
town and mines are served by two railroads: one, 28 miles long, isa 
branch of the Union Pacific Railroad and connects with the main line at 
Echo, Utah, east of Ogdcn; the othar, 45 miles long, is a branch of the 
Denver and Rio Grande Western Railrond and connects with the main line at 
Salt Lake City. . The mines are also accessible by excellent automobile 
roads from Salt Lake City and surrounding points (fig. 1). 


HISTORY 


Systematic prospecting for ore in the region about Salt Lake began 
in 1862, whon Colonel Connor, with his California volunteers, many of 
whom kad participated in the '49 gold rush, established Camp Douglas at 
Salt Lake City. Ore was first found in the Park City district in 13809 
and several small shipments were made, tut tho district did not become 
prominent until the discovery of tha Cntario lode in 18/72 by Rector Steen, . 
a California miner who accompanied Connor's Volunteorse This discovery 
and others following it made the district ono of the most important silver- 
lead-zinc mining camps in the country. 


A remarkable foature of the Park City district is its longevity; 
active operations have bocn carried on for o4 years without complete 
cessation. While the deprossion of 1932-35 caused some curtailment, the 
years immodiatoly prior to tho daprossion saw tho largost production in 
the history of the camp. The three larsest producing companics in the | 
district are now the Silver King Coalition Mines Coe, the Fark City Cone 
solidated Mings Co., and the Park Utnh Consolidated Mines Co. The last- 
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hamed company operates two units ~ the Park Utah unit, described by 
Eewittt/, and the Park City unit, consisting of the Judge mine and the 
Daly West minee This paver will be confined to the Judge mine. 


the present daily production of the Judge mine is about 350 tons, 
and about 300 men are employed. With the exception of a small tonnage of 
| Ligh~zrade ore, tho ore produced is of milling grade and is treated at a 
| Salt Lake valley plant. | 


GEOLOGY 
The geology of Fark City district has been described by Boutwell2/ . 


_, che formation consists of a serious of sedimentary rocks ~ shales, 
*imestones, and quartzites ~ which have been folded and faulted. Tho 
Sediments have been invaded by intrusives, mainly diorite and quartz 

| diorite porphyry. The relation between the different rocks is shown in 
“igures 2 and 3. 


_ Ove in the district occurs as bedded replacement deposits and in 
fissures, At the Judge mine about 60 percent of production has come from 
bedded deposits in the Park City limestone, which is about 6000 feet. thicke 
1h bedded Ore occurs in limestone members just above intercalated quartzite 
beds and near feeding fissures. Seven horizons have produced ore, but the 
nost productive have been one at about 100 feet from the top of the Park 
‘ty limestone and another at about 100 feet from the base of that lime 
Stones The lower horizon is called the Jenney, named for Doctor Jenney, 
m0 examined the mine in 1902. The bedded deposits dip about 20° northerly 
end undulate in conformity with the bedding planes. They range in size 

‘7M 2 to 20 feet or more in thickness, from a few feet to 100 feet or 

f =: Pore in width, and have bcen found to extend as much as 6,000 feet in length. 


The fissures in which the ore occurs show a series of nearly parallel 

of sulphides with alternating bands or lenses of altered limestone. 

City may be classed as medium hard. One or both walls are usually Park 

mall WP Ones The ore in the Daly fissure, however, usually has a foot 

| Parle City limestone and a hanging wall of Woodside shale: the 

has a displacement of about 1,000 feet vertically. The hanging 

to oad is wet, making tha ground very hsavy and almost impossible 
‘pen for any length of time 

tevoraptg oP OS ition, even in tho fissures, is influenced greatly by 

arg confines = in the walls; for instance, ore shoots in the Daly fissure 

the trace of largely within a range of 100 feet up and 100 Feet down from 

slips of igs the Jenney horizon on that fissure. Numerous internal gouge 

Sf rzlar pattern affect mining operations in the fissure deposits. 


vands 
Tra or 


Wah; 77 Ae, Mining Methods and Costs at the Parx Utah Mino, Park City, 
J 30797 e Circ. 0290, Bureau of Mines, 1930, 18 ppe 
J onn Mason, Geology and Ore Deposits of the Park City District, 
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As a general rule, the hanging wall is clearly demarcated but the footwall 
is poorly defined, as the ore tends to make off into the beds for short 
distances. 


EXPLORATION 


Exploration in the district has been entirely by the usual underground 
methods ~ tunnels, shafts, crosscuts, drifts, and raisese In the past, 
some exploration from underground positions has teen done with diamond 
drills and long@-hole hammer drills at various mines in the district, but 
as no ore discoveries resulted, prospect drilling has bean abandoned. The 
ores of the district are usually too deen for churn drilling, although 
one company in recent years did some surfacea exrloration in that manner. 


A common method of attack in exploring for bedded derosits is to 
drive drifts and crosscuts beneath a favorable horizone When stringers of 
ore are found in the fissures raises are driven to the favorable horizon. 
If ore is not found in a raise some drifting may bo done at ths favorable 
horizone 


Some geophysical prospecting has been tried at both the Fark Utah 
mine and at the Judge mine, but indifferent results were obtained. 


SAMPLING AUD ESTIMATION OF ORE RESERVES 


At the Judgo mine, ore can usually bo identified by inspection, but 
in new or in doubtful places cut samples are takene Composite samples 
for each chuta from a stove are made for each shift by taking a grab sample 
from each car. 


Estimation of ore reserves at this mine is a difficult matter and no 
regular calculation is made. For special reports, an estimate is sometimes 
based largely upon experience at the ming rather than upon measurable 
dimensions and assayse 


DEVELOP MEL 


The Judge mine is served by two vertical shafts - the Daly West, 
2,100 feet deep, and the Judge shaft, 1,000 feet deep. Ontario No. 2 
Drain Tunnel, 22,500 fect long, connects with the Daly West shaft at the 
2,100-foot level, and the Judge tunnel, 6,600 feet long, connects with 
the Daly West Shaft at the 750-foot level and with the Judge shaft at the 
1,200-foot level. Figure 1 shows the location of these openingse The’ 
shafts are timbered with 10- by 1C-inch timbers and have 2 hoisting compart- 
ments, 4-1/2 by 5 feet in the clear, and a l-~ by 5-foot pipe and manway 
compartment, The tunnels are 6 by 9 feet in rock section timbered with 
10- by 10-inch timber where necessary (fie. 4). Track is of 4O-pound rails 
laid on G- by 10-inch stringers, under which a water ditch is maintained. 
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At present main levels are maintained at the 700-, 900+, 1200-, 
1h00., and 1600~foot levels with numerous sublevels of local extent. 
The drifts and crosscuts are 5 by 7 feet rock section and are timbered 
with & by 8-inch caps and about 8-inch round posts or 8~ by 8-inch 
Square postse 


_ Raises usually are about 5 by 11 feet in rock section and timbered 
with & by &-inch timber sets at 5-foot intervals in both plan and section. 
Cars usually are set at right angles to the walls. 


STOPING 


Three methods of stoping are employed at the Judge mine: (1) Stull, 
(2) Stringer set, and (3) top slicing. Stull stoping is little used, 
being adaptable only to small veins and thin beds. Stringer-sst stoping 
1S COmonly applied to bedded shoots and fissure shoots where the walls 
are €00d. Top slicing has been adapted to local conditions wherevor a 
very heavy hanging wall exists, as in the Daly fissure. 


stull Method 


‘ In the stull stopes ore is directed to the chutes by wings of 2- 
neh lagging, If accessible, they ars filled with development waste. 


Stringer-Set Method 


as in the stringer-set stopes, mining is done by overhand — 

are Se The back is supported by stringer sets comprising &+ by &inch 

ee Caps supported by posts, usually 8-inch round timber obtained 

ae ly at low cost. When the stope is less than 10 feet wide, the caps 
: Cut to fit; when greater than 10 feet, 10-foot caps are used joining 

lag ©xtension on a poste The back and floor are covered with 2-inch 
=2§- Chutes are placed at about 50-foot intervals. 


Ore is Shoveled into 1/2-ton stop23 cars br into wheelbarrows for 


tr , 
“"sportine to the chutes. 


sills mg Bees in the bedded ore shoots where the bottom is undulating 

and minin © aid on ore and the downward extension removed by under | 

‘ions of Re It is often necessary to use inclines to follow the undule- 
@ bottom, employing tugger hoists to pull cars up tho slope. 


T ; 
Weak to star cing is commonly apvlicable to fairly wide ore bodies too 
Mich Cay GQ without timber and having a weak capping or hanging wall 
st to per . Tadily. Suitable timber should be available at a moderate 
T gina ted oe low mining costse The method is thought to have been 


the north of England and was introduced in this country 
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about 55 years ago. It is widely applied in the iron mines of the Lake 
Superior districts, being standard underground practice on the Mesabi 

range, where the ore is soft, mach of it being drilled with an auger. 

Little powder is required and timber is rolatively choape No compoarable 
conditions exist at the Judge mine, so no comrarable costs can be obtainede 
Hers the ore is hard and the deposits are deur. Timber is more expensivee 


After years of experience with overhind timtered methods that some~ 
times resulted in disastrous caves and lost stones, top slicing has be- 
come standard practice in heavy ground at tns Judge mine. Although top 
slicing has been omployed elsewhere in the mine, its principal arplica- 
tion has been in mining fissure-ors having a shale hanging wall. The 
Daly fissure where the method is baing currently used on the 1,600-foot 
level is a typical application. Figure 5 illustrates conditions in that 
part of the mine and shows details at the face of a slics, while figure 
6 outlines the genernl scheme of developmant and rotation of slices. The 
slice is tinbared with stringer sets, as in the strinzgor~set overhand 
method. The sets are spaced at tha usuel 5-foot intervalse ihe sills 
are of & by &-inch timber and laid over’the width of the oro. The 
posts are round timber ebout 8 inches in diameter and 6 feet long. They 
are spaced along the sills usually 5 feet arart, but may be spaced at 
different intervals to suit couditions. The sills become caps for the 
succeeding slice beneath; they are covered with 2-inch lagging to prevent 
intermixture of waste with the ore below. In mary places on the Daly 
fissure, the Woodside shale on the hanging wall, especially if it contains 
water, will not remain in place until the ore is removed, and then it 
bacomes necessary to stand sloping nressure pnosts faced with ec=inch 
lagging, and, sometimes anzle stulls as well, to hold the hanging wall. 
(fig. 5). 


The face of ths slice is advanced by a pilot heading broken with 
holes placad as in a drift round with the back holes omitted. Slabbing 
rounds to this heading complete breaking the faca. Where waste inclusions 
are large or numerous a pilot heading, prafcrably along the hanging wall, 
may be driven to the end of the block to bo minsd. Then the remainder 
of the slice is completed by retreating, thus giving space in which to 
pile excessive hand-sorted waste. Drilling is aons with Leyner machines 
mounted on columns, or sometimes with jackLammcrs mnnually supported. 


Hoe-tyse scrapers operated by turhinair tugsoers have been employed 
in the past to move the ore to the chute in topeslicing operations as 
well as in stringer-scet operations; but as this arrangonmant coes not lend 
itself readily to waste sorting, it has been discontim..4. it present, 
ore is shoveled into 1/2-ton store cars and tremied by hind to chutes 
over 1&-inch-gauge, 1le-pound tracke 


Little or no attention is necossary to facilitate caving of the 
completed slices. The hanging-wall pressure is in a directicn diagonal 
to the sets and readily collapses the timber in most casese To date, 
there has been no undue delay in caving, which might cause sudden block 
subsidence and air blasts endangering the working slices. As operations 
are at considerable depth, the subsidence does not reach the surface. 
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Figure 5.— Cross section of top-slice stope, looking at ore face. 
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ks shown in figure 6, an attack retreating from the limit of the ore 
shoot or from the end of the block being mined to the main working raise 
-S the general plane Sublevels are driven to outline the ore body as 
well as to provide more points of attack. The spacing of the sublevels 
varies with ground conditionse 


_ ‘While no low cost records have been established at this mine under 
the top-slicing method, its use is justified by the clean and complete 
extraction obtained under safe operating conditions. 


Advantages of Top-Slicing Methods 


1. it is a safe method of mining heavy ground, as workmen are always 
under timber, thug practically eliminating accidents due to "falling 
sTound." Statistically, the system has the second lowest accident rate 
for underground mining in the United States. 


2. Complete extraction of ora is possibla. 
++ Selective mining and waste sorting is facilitated. 


; 4, In emergencies, such as when metal prices are low, the stopes 
tay be shut down with little damage. 


aa >» The system is not dependent upon a steady supply of waste filling, 
ae tke Case with overhand timbering methods vhen the hanging wall is 


sn ; Oy Ton slicing permits the use of lower-grade timbor and less labor 
“" ‘Taming than does squaro-settinge 


Disadvantages of ToreSlicing Method 


Pi 411 ora must be shoveled by hand; this would also be truo of any 
v2 that permits hand sorting. 


sono os Ventilation may be difficult, for any caving system must destroy 
at th “INE S Howevor, the ventilation problem has not hampered operations 
° Judge m ine. . 


izortal Use of stoper drills is raraly possible as the slicas are 

2 the aj. ~t2 call for flat holes. This is a debatable disadvantage, for, 
©rL of some overators, flat holes are desirable, evon in over 
Because such holes leave a less ragged backe 


a A | as. 
(ore tho tar Ze amount of development is nocessary, but as all this is 
Sts are affected little. 
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Three types of drilling machines are used ~ Leyner machines using 
1~1/S-inch hollow round steel for drifting, crosscutting, and stoping; 
stoper drills using l~inch hollow quarter octagon steel for raising and 
stoving; and jackharmers using 7/8-inch hollow le a steel for ebopene: 
Sinking, and ylucging. 


Conventional cross-bits, with a double taper of 14° and 5°, are used 
on Leyner steel, and a single taper on stoper and jackhanmer steele Cross 
bar mountings are used for drills in drifts and crosscuts, as these headiuz: 
usually are driven under contract calling for both mucking and drilling 
simultaneously. Tho entire round, except the lifters, is drilled from a 
single setting of the cross-lmr. The lifters are usually "kicxed" in by 
sliding the machine on a lazsing with the fact. A contract crew on each 
shift usually consists of three men « a miner and two muckerse The mucxers 
assist the miner to set un and do any timbering that is necessarye 


eer On ALON 


Ore is drawn from the stepes into 1o-cubic-foot cars of the usual 
end—dump typee Trains conprising ten cars are hauled by horses to the 
shaft, where the cars ars hoisted or lovered to tha 1,200-foot level on. 
double-deck cages opernting in balance. Here trains of 30 cars are made 
up and hauled to bins at the portal of the Judge tunnel, 6,000 feet distant. 
by 4Yeton, 250-volt, direct-current locomotives. From these bins the ore 
is transported by aerial tram avout a mile to railroad carse 


The Judge shaft is equinped with a 250~horsepower, second-motion, 
alternating-current, electric hoist placad at the collar of the shaft. A 
rathor unusual, if not unique, signal system is employed at this shafte 
The usual electric-bell system is installed, but the signals can only be 
given from the cage, not from station contactse The installation consists 
of a copper trollcy wiro extending the depth of the shaft in each compart~ 
mente By a lever arrangement on the cage, contact is made with this 
trolley wire, which complotes the circuit through the hoisting cable to 
the hoist. This system makes it unnecessary to have an auxiliary pull~ 
cord system to control tho care between levels, as in shart inspectione 
It also makes for safety, as there are no station contacts to be rung by 
mistake. 


| Supplies are handled through raises equipped with a V~slide, on which 
a supply boat (fig. 7) is operated by a turbinair hoist. A special feature 


of this boat is the rollers, which minimize the friction and protect both 
the slide and the boat from excessive weare 
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WASE AND CONTRACT SYSTEM 


Tne labor for the mine is composed largely of men who live in Park 
City and nearby communities. About 75 percent are native Americans and 
ve rest are naturalized citizense The,following is the current (August 
1537) wage scale, which is adjusted to the Butte scale of wages based upon 
tLe price of conpere © 


Cage CONdOL se sewevews soxweseked 6.25 
Hoistmanececccecccsccvcccsece 6675 
MINCYS 66 64.6.6 6066N6 We SES0 600 be 5ef5 
Motormoneccoceccesecvccssesee 5el5 
MuckerSeecccccvccsccesevesese 525 
Nippersesveccesvvesessseagrses 5250 
PiPCMeONeveceovccersccsvvvecqcs bel 
Shaftmeme ecccvgqgrsecvccccsccece 0015 
TIMDGIMONe secesevecsescvescers Be (5 
MACK ON csasedausceetieesene 5615 


_ Gurrent contract rates per foot are: Raises, 2-compartment, $6.25 for 
the first 50 feet, thence an additional 50 cents for each additional 50 
-eot in height; drifts and crosscuts, $/+.25, with an additional $1.10 per 
foot for timbered soctionse 


MINE DRAINAGE 


_ As mining districts go, Park City is considered a wet district, but 
mth long drain tunnels little pumping is necessary nowe The Judge tunnel 
carries about one second-foot of water now,.and the Ontario no. 2 drain 
tunnel discharges about .14 second feete 


VENTILATION 
. ine shafts, tunnels, and levels connected with many raises usually 
oe ample natural ventilation. <A fow dead-end headings are ventilatod 
aa fans driven by direct~connectcd alternating~current motorse 
iwelve-inch galvanized-iron pipe is used with the fans. 
MINE RESCUE AND FIRST AID 
; All shift bosses and many other employeoss ars trained in first aid _ 
aa 11 Mine rescue. Breathing apparatus at the mine is kept in good order, 
xd the usual stretchers and first-aid materials are at convenient places. 
SUMMARY Ox COSTS 
Table 1 gives unit costs of mining at the Judge mine for the first 


came 0? 1937, and table 2 gives a summary of costs in units of labor, power, 
wd sxtlies for the same period. 
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TADLE 1. ~ Costs of mining at the Judze mine 
for tne first o months of 1937 
Tons hoisted: 33,2506 


Mining method: Ton slicing (2/3 of tonnage) 
and stringer set (1/3) costs not segregated 


Com ressed-air 


Taoor|drills. steel 
Develorment eoeve SO e 634 4 . ‘ 


Mininge eecosecee 20589 


Exrlosives imber| sunrlies! To 
$0.182/$0.005 1. 


Transportation 
underground, . eCoo 
General 
underground. ~ 
Surfacel/.wecee 015 
Totalecses © 0258 


1) Chargeable to underground. 


TABLE 2. ~ Sumnary of costs in units of sho Oks porer, and supplies 
at the Judze mine for the first 6 montns of 1937 


Develovment | Stoning Tota 


Labor (man-hours per ton): 


Breaking (drilling and blasting) sccscevece 0.30 0.87 Tel 
TAmberinZeccceccecrecsvsescercecsseseeseserves ol4 ete 05 
MUCK ING 0:6 06:60:56 Wes. 00.86/00 0 08 60 66 6e'e.4 wees wee ech le fc) Le / 
Haulaze and hoistingecesercocccccccvccccen |: ec) 083 lel 
SUMELVISLONe cevcevcerececnes seosesecccceses 005 005 ie) 
GONG AL 60.0 s0.0 6. 6-05 O66 060005 SHOTS SD ew ewes “25 053 e7 
Average tons per man per shift undergrounde.... lel 
Hours per ton, total labor undorzroundececcsvee 54 
Averaga tons per man-shift on surfac@ecccovecee 9.5) 
Labor, percentage of total COS U 6 i.6 660660668 698% el 


Power and supplies: 
Explosives (pounds per ton, 35—percent 


Gat fc bist Gi =) Rea ear a cer am erm er 503 
Timber, board fost por tone rcccssecceconee 5085: 
Total power (kw.—-hrs. per ton): —«T14 

Air COMPFESSLONescanvevesvcsecvevrvess 10.3 

Hoisting and NAULNES oe ecccvcsecccccvas 363 

VONULLGAG1 Olies 6 Nw bee e bs s0 sesso we ee ec 

LigGhtingGecccevccccccccsecesesvsceveseves of 
Other suoplics, in percentage of total 

power and SUPPLICSsr.rcccoccccsesccveros 19 03! 

'. Supplies and power, percentags of total 
" COStecccervevevrccveccsesnessvereeesces 34.3 


6325 = 20s 


Google 


